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7KH KHPORFN ZRROO\ DGHOJLG Adelges tsugae
$QQDQG +HPLSWHUD $GHOJLGDH LV D PDMRU SHVW
RI HDVWHUQ KHPORFN Tsuga canadensis / &DUULHUH
DQG &DUROLQD KHPORFN T. caroliniana (QJHOPDQQ
LQ WKH HDVWHUQ 8QLWHG 6WDWHV 7KLV VSHFLHV LV
EHOLHYHG WR RULJLQDWH IURP VRXWKHUQ -DSDQ ZKHUH
LW LV DQ LQQRFXRXV LQKDELWDQW RI Tsuga spp. +DYLOO
HW DO  3RSXODWLRQV LQ WKHVH DUHDV DUH OLNHO\
UHJXODWHG E\ KRVW UHVLVWDQFH DQG QDWXUDO HQHPLHV
0F&OXUH HW DO  Adelges tsugae ZDV ILUVW
REVHUYHG LQ WKH HDVWHUQ 8QLWHG 6WDWHV LQ  LQ
9LUJLQLD 6WRHW]HO  DQG KDV VLQFH VSUHDG
VRXWK LQWR WKH VRXWKHUQ $SSDODFKLDQV DQG 1HZ
(QJODQG FDXVLQJ ZLGHVSUHDG PRUWDOLW\ RI
KHPORFN VSHFLHV &KHDK HW DO  +HDYLO\
LQIHVWHG WUHHV H[KLELW SRRU FURZQ KHDOWK DQG
UHGXFHG VKRRW JURZWK WKDW LQ FRPELQDWLRQ ZLWK
RWKHU HQYLURQPHQWDO VWUHVVHV FDQ UHVXOW LQ UDSLG
WUHH GHFOLQH DQG GHDWK 0F&OXUH  0D\HU HW
DO  2UZLJ HW DO  7KH WUHPHQGRXV
SRSXODWLRQ JURZWK RI WKLV VSHFLHV LQ WKH HDVWHUQ
8QLWHG 6WDWHV KDV EHHQ DWWULEXWHG WR WKH DEVHQFH
RI HIIHFWLYH QDWXUDO HQHPLHV &KHDK DQG 0F&OXUH
 :DOODFH DQG +DLQ  WKHLU DELOLW\ WR
VXUYLYH DW ORZ WHPSHUDWXUHV 3DUNHU HW DO 
DQG WKH KLJK VXVFHSWLELOLW\ RI HDVWHUQ KHPORFN
VSHFLHV
,Q 1RUWK $PHULFD A. tsugae LV DQKRORF\FOLF
UHSURGXFLQJ RQO\ DVH[XDOO\ RQ LWV VHFRQGDU\ KRVW
Tsuga spp. 0F&OXUH  7KH RYHUZLQWHULQJ
JHQHUDWLRQ RU VLVWHQV LV SUHVHQW IURP VXPPHU WR
WKH IROORZLQJ VSULQJ 0F&OXUH  
&UDZOHUV HPHUJH LQ $SULO DQG 0D\ ZLWK Q\PSKV
GHYHORSLQJ LQWR ZLQJOHVV DQG ZLQJHG IRUPV 7KH
ZLQJOHVV IRUP RU SURJUHGLHQV UHPDLQV RQ
KHPORFN DQG GHSRVLW HJJV IURP ZKLFK VLVWHQV
FUDZOHUV HPHUJH LQ -XQH DQG -XO\ VHWWOH DW WKH
EDVH RI \RXQJ QHHGOHV DQG LPPHGLDWHO\ HQWHU
VXPPHU GLDSDXVH DHVWLYDWLRQ 0F&OXUH 
6DORP HW DO  6LVWHQV UHVXPH GHYHORSPHQW
LQ 2FWREHU DQG UHDFK PDWXULW\ LQ ODWH ZLQWHU WKXV
WZR DVH[XDO JHQHUDWLRQV DUH FRPSOHWHG DQQXDOO\
RQ KHPORFN ,Q RUQDPHQWDO DQG QXUVHU\ VHWWLQJV
V\VWHPLF LQVHFWLFLGHV KDYH SURYHQ HIIHFWLYH LQ
PDQDJLQJ A. tsugae SRSXODWLRQV 0F&OXUH 
5KHD  )LGJHQ HW DO  :HEE HW DO 
KRZHYHU IRUHVW KHPORFNV DUH IRXQG LQ PDQ\
LQDFFHVVLEOH ORFDWLRQV RU DORQJ ULSDULDQ ]RQHV
ZKHUH FKHPLFDO FRQWUROV DUH QHLWKHU UHDVRQDEOH
QRU DOORZHG 6LQFH RQO\ JHQHUDOLVW SDWKRJHQV KDYH
EHHQ LGHQWLILHG ZLWK A. tsugae 5HLG HW DO 
DQG QR NQRZQ SDUDVLWRLGV DUH DVVRFLDWHG ZLWK
$GHOJLGDH 0RQWJRPHU\ DQG /\RQ  ELRORJ
LFDO FRQWURO HIIRUWV XVLQJ SUH\VSHFLILF SUHGDWRUV
KDYHEHHQLQLWLDWHG&KHDKHWDO
Laricobius nigrinus )HQGHU &ROHRSWHUD
'HURGRQWLGDH QDWLYH WR WKH ZHVWHUQ 8QLWHG
6WDWHV DQG &DQDGD LV D SUH\VSHFLILF SUHGDWRU RI
A. tsugae =LODKL%DORJK HW DO  IRXQG RQ
ZHVWHUQ KHPORFN T. heterophylla 5DI 6DUJHQW D
VSHFLHV QRW W\SLFDOO\ LQMXUHG E\ A. tsugae )XUQLVV
DQG &DUROLQ  $GXOWV IHHG RQ DOO VWDJHV RI A.
tsugae =LODKL%DORJK HW DO  DQG VKRZ JRRG
SKHQRORJLFDO V\QFKURQ\ ZLWK A. tsugae
=LODKL%DORJK HW DO D )LHOG VWXGLHV LQGLFDWH
WKDW L. nigrinus VLJQLILFDQWO\ UHGXFHV A. tsugae
GHQVLWLHV ZLWKLQ WHPSRUDU\ EUDQFK HQFORVXUHV
DQG FDQ VXUYLYH DQG UHSURGXFH LQ VRXWKZHVW
9LUJLQLD IURP 1RYHPEHU WR $SULO /DPE HW DO
D  7KLV VSHFLHV KDV EHHQ PDVV UHDUHG
LQ WKH ODERUDWRU\ /DPE HW DO E DQG
UHOHDVHG LQWR KHPORFN VWDQGV LQ WKH HDVWHUQ
8QLWHG 6WDWHV VLQFH  0DXVHO  /DPE HW
DO
Sasajiscymnus (Pseudoscymnus) tsugae 6DVDML
DQG 0F&OXUH &ROHRSWHUD &RFFLQHOOLGDH QDWLYH
WR -DSDQ LV EHOLHYHG WR EH D VSHFLDOLVW SUHGDWRU RI
A. tsugae &KHDK DQG 0F&OXUH  %XWLQ HW DO
 $GXOWV IHHG RQ DOO VWDJHV RI A. tsugae
6DVDML DQG 0F&OXUH  DQG IHPDOHV KDYH D
UHSURGXFWLYH GLDSDXVH WKDW FRLQFLGHV ZLWK A.
tsugae DHVWLYDWLRQ &KHDK DQG 0F&OXUH  ,W
LV FDSDEOH RI SURGXFLQJ VXFFHVVLYH JHQHUDWLRQV LQ
WKH ODERUDWRU\ 0F&OXUH DQG &KHDK  3DOPHU
DQG 6KHSSDUG  7R GDWH RYHU  PLOOLRQ
EHHWOHV KDYH EHHQ UHOHDVHG LQWR KHPORFN VWDQGV LQ
WKH HDVWHUQ 8QLWHG 6WDWHV DQG WKLV SUHGDWRU LV
HVWDEOLVKHGZLWKLQWKLVUHJLRQ&KHDKHWDO
,Q DGGLWLRQ WR WKHVH QHZO\ LQWURGXFHG VSHFLHV
Harmonia axyridis 3DOODV &ROHRSWHUD
&RFFLQHOOLGDH SUHYLRXVO\ LQWURGXFHG IURP
ZHVWHUQ $VLD IRU ELRORJLFDO FRQWURO RI YDULRXV
KHPLSWHUDQ SHVWV KDV TXLFNO\ VSUHDG LQWR PDQ\
UHJLRQV RI 1RUWK $PHULFD UHY LQ .RFK 
$GXOWV DUH SRO\SKDJRXV YRUDFLRXV SUHGDWRUV
*RUGRQ  7DNDKDVKL  0DMHUXV 
7KLV VSHFLHV PLJUDWHV WR RYHUZLQWHULQJ VLWHV LQ ODWH
IDOO /DPDQD DQG 0LOOHU  .RFK DQG
+XWFKLQVRQ  DQG ZLWK ZDUPHU
WHPSHUDWXUHV LQ VSULQJ WKH\ PDWH DQG GLVSHUVH
IURP WKHVH VLWHV /DPDQD DQG 0LOOHU  ,Q WKH
VRXWKHDVWHUQ 8QLWHG 6WDWHV VXUYH\V IRU QDWXUDO
HQHPLHV RI A. tsugae VKRZHG WKDW ZKLOH SUHGDWRUV
ZHUH JHQHUDOO\ VFDUFH RYHUDOO H. axyridis ZDV WKH
PRVW DEXQGDQW SUHGDWRU FROOHFWHG IURP EUDQFK
EHDWVDPSOHV:DOODFHDQG+DLQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH $OWKRXJK H. axyridis LV DQ LPSRUWDQW DUERUHDO
ELRORJLFDO FRQWURO DJHQW RI DSKLGV LQ SHFDQ
/DURFN DQG (OOLQJWRQ  DSSOH %URZQ DQG
0LOOHU  DQG FLWUXV 0LFKDXG  LWV
H[SDQVLRQ LQWR DQ DUHD FDQ GUDPDWLFDOO\ DIIHFW
ORFDO SRSXODWLRQV RI DSKLGRSKDJRXV SUHGDWRUV
'HFOLQHV LQ WKH SRSXODWLRQV RI QDWLYH DUERUHDO
FRFFLQHOOLGV Brachiacantha ursine ) Cycloneda
munda 6D\ DQG Chilocorus stigma 6D\ LQ
VRXWKZHVWHUQ 0LFKLJDQ &ROXQJD*DUFLD DQG
*DJH  DQG Cycloneda sanguinea / LQ
)ORULGD 0LFKDXG  KDYH EHHQ DVVRFLDWHG
ZLWK LQYDVLRQ E\ H. axyridis ,Q DGGLWLRQ WR
LPSDFWV RQ QDWLYH VSHFLHV H. axyridis KDV DOVR
UHSODFHG DQRWKHU HVWDEOLVKHG H[RWLF VSHFLHV
Coccinella septempunctata / &ROHRSWHUD
&RFFLQHOOLGDH DV WKH SUHGRPLQDQW SUHGDWRU LQ
DUERUHDO KDELWDWV LQ ZHVWHUQ 2UHJRQ /DPDQD DQG
0LOOHU  DQG :HVW 9LUJLQLD %URZQ DQG 0LOOHU
 7KH PHFKDQLVPV RI UHSODFHPHQW DUH QRW
ZHOO XQGHUVWRRG EXW GLUHFW RU LQGLUHFW FRPSHWLWLYH
LQWHUDFWLRQV DPRQJ VSHFLHV XWLOL]LQJ WKH VDPH
UHVRXUFH DW WKH VDPH WLPH PD\ OHDG WR UHGXFWLRQV
LQ SUHGDWRU GLYHUVLW\ DQG GHFUHDVH WKH HIILFDF\ RI
ELRORJLFDO FRQWURO 7KHVH LQWHUDFWLRQV FDQ FKDQJH
FRPPXQLW\ VWUXFWXUH DQG XOWLPDWHO\ UHVXOW LQ WKH
HVFDSH RI WKH SUH\ SRSXODWLRQ 5RVHQKHLP HW DO
 EXW IHZ VWXGLHV RI FRPSHWLWLRQ DPRQJ
SUHGDWRUV KDYH EHHQ FRQGXFWHG LQ IRUHVW
HFRV\VWHPV
%HJLQQLQJ LQ  VWXGLHV ZHUH XQGHUWDNHQ WR
GHWHUPLQH WKH QDWXUH DQG HIIHFWV RI LQWUDVSHFLILF
DQG LQWHUVSHFLILF FRPSHWLWLRQ DPRQJ WKHVH VSHFLHV
VR WKDW WKH HVWDEOLVKPHQW DQG UHVLOLHQFH RI QHZO\
LQWURGXFHG DQG H[LVWLQJ SRSXODWLRQV DUH
PLQLPDOO\ DIIHFWHG %RWK ODERUDWRU\ DQG ILHOG
VWXGLHV E\ )ORZHUV HW DO   VXJJHVW WKDW
L. nigrinus S. tsugae DQG H. axyridis DUH
FRPSDWLEOH ZLWK RQH DQRWKHU KRZHYHU
FRPSHWLWLYH LQWHUIHUHQFH ZDV VKRZQ WR RFFXU
DPRQJ FRQVSHFLILFV &RPSDWLELOLW\ ZDV DVVHVVHG
E\ H[DPLQLQJ GLUHFW LPSDFW RQ WKH VXUYLYDO
IHHGLQJ DQG UHSURGXFWLRQ RI RQH DQRWKHU ZKHQ
HQFORVHG WRJHWKHU LQ VKRUWWHUP ODERUDWRU\ DVVD\V
DQG ORQJHUWHUP ILHOG HQFORVXUHV +RZHYHU WKHVH
VWXGLHV GLG QRW H[DPLQH PRUH VXEWOH LQGLUHFW
HIIHFWV WKDW PD\ KDYH RFFXUUHG HVSHFLDOO\ LQ
UHJDUG WR EHKDYLRUDO FKDQJHV ZKLFK FDQ
QHJDWLYHO\ LPSDFW SUHGDWRU HIIHFWLYHQHVV
&XUUHQWO\ WKHUH H[LVW QR GHWDLOHG VWXGLHV RI
SUHGDWRU EHKDYLRU DQG GDLO\ DFWLYLW\ SDWWHUQV RI
WKHVH VSHFLHV ZLWK A. tsugae DQG ZKDW W\SH RI
EHKDYLRUDO FKDQJHV PD\ RFFXU LQ WKH SUHVHQFH RI
DGGLWLRQDO SUHGDWRUV LV XQNQRZQ 7KLV VWXG\ ZDV
XQGHUWDNHQ WR GHWHUPLQH WKH GDLO\ DFWLYLW\
SDWWHUQV RI WKHVH VSHFLHV IRFXVLQJ RQ H[WHQVLYH
DQG LQWHQVLYH VHDUFKLQJ IHHGLQJ UHVWLQJ DQG
RYLSRVLWLRQ EHKDYLRUV 7ZR VHWV RI H[SHULPHQWDO
FRQGLWLRQV ZHUH XVHG WR SURYLGH JUHDWHU FRYHUDJH
RYHU WKH OLIHF\FOH RI A. tsugae DQG EHWWHU
DSSUR[LPDWH WKH QDWXUDO FRQGLWLRQV XQGHU ZKLFK
WKHVH LQWHUDFWLRQV PD\ RFFXU ,Q DGGLWLRQ WKH
HIIHFWV RI LQWUD DQG LQWHUVSHFLILF FRPSHWLWLRQ RQ
SUHGDWRU WHPSRUDO DQG VSDWLDO SDWWHUQV ZHUH




L. nigrinus DGXOWV ZHUH REWDLQHG IURP D FRORQ\
UHDUHG DW 9LUJLQLD 3RO\WHFKQLF ,QVWLWXWH DQG 6WDWH
8QLYHUVLW\ %ODFNVEXUJ 9LUJLQLD S. tsugae DGXOWV
ZHUH REWDLQHG IURP FRORQLHV DW &OHPVRQ
8QLYHUVLW\ &OHPVRQ 6RXWK &DUROLQD DQG WKH
8QLYHUVLW\ RI 7HQQHVVHH .QR[YLOOH 7HQQHVVHH
H. axyridis DGXOWV ZHUH FROOHFWHG ORFDOO\ LQ
VRXWKZHVWHUQ 9LUJLQLD -HIIHUVRQ 1DWLRQDO )RUHVW
9LUJLQLD /DERUDWRU\ SRSXODWLRQV RI L. nigrinus
DQG H. axyridis KDG EHHQ VXSSOHPHQWHG ZLWK ZLOG
EHHWOHV WKH SUHYLRXV \HDU ZKLOH S. tsugae ZHUH
GHVFHQGHG IURP D SRSXODWLRQ WKDW KDG EHHQ
FRQVHFXWLYHO\ UHDUHG IRU VHYHUDO JHQHUDWLRQV
3UHGDWRU UHDULQJ ZDV LQ DFFRUGDQFH ZLWK
SUHYLRXVO\ HVWDEOLVKHG PHWKRGV IRU L. nigrinus
&  /'  5+ /DPE HW DO E
DQG WKH FRFFLQHOOLGV &  /'  5+
3DOPHU DQG 6KHSSDUG  0DWVXND DQG
1LLMLPD  )RRG DGDSWDWLRQ ZDV QRW D PDMRU
FRQFHUQ IRU L. nigrinus DQG S. tsugae DV WKH\ DUH
FRQVLGHUHG VSHFLDOLVWV RQ WKLV SUH\ 7KH JHQHUDOLVW
SUHGDWRU H. axyridis ZDV SURYLGHG ZLWK D VPDOO
DPRXQW RI KRQH\ DQG ZKHDVW PL[WXUH GXULQJ WKH
KROGLQJ SKDVH SULRU WR WKH H[SHULPHQWV WR VHUYH
DV D QXWULWLRQDO VXSSOHPHQW )RU WKH FRFFLQHOOLG
VSHFLHV FRQGLWLRQV ZHUH JUDGXDOO\ VWHSSHG GRZQ
IURP  WR & DQG IURP  WR  /' RYHU D
± ZN SHULRG WR SUHFRQGLWLRQ WKHP WR WKH
FRQGLWLRQV XVHG LQ WKH VSULQJ HYDOXDWLRQ $W WKH
FRQFOXVLRQ RI WKH VSULQJ WULDOV FRQGLWLRQV ZHUH
JUDGXDOO\ LQFUHDVHG IURP  WR & DQG IURP
 WR  /' RYHU WKH VDPH WLPH LQWHUYDO WR
SUHFRQGLWLRQ SUHGDWRUV IRU VXPPHU WULDOV $OO
VSHFLHV ZHUH KHOG LQ  / SODVWLF FRQWDLQHUV OLQHG
ZLWK PRLVWHQHG ILOWHU SDSHU DQG YHQWLODWHG ZLWK
ILQH SRO\HVWHU PHVK 3H&DS 6HIDU
ZZZVHIDUFRP (DFK FRQWDLQHU KHOG  DGXOWV LQ
D VH[ UDWLR RI )0 DQG ± T. canadensis
EUDQFK FOLSSLQJV KHDYLO\ LQIHVWHG ZLWK A. tsugae
&RQWDLQHUV ZHUH PDLQWDLQHG LQ DQ HQYLURQPHQWDO








ZHUH WUDQVIHUUHG IURP KROGLQJ FRQWDLQHUV WR
DVVD\V  K EHIRUH UHFRUGLQJ $OO SUHGDWRU IHPDOHV
ZHUH PDWXUH RI DSSUR[LPDWHO\ WKH VDPH DJH
± ZN DQG ZHUH VHOHFWHG UDQGRPO\ IURP
SUHFRQGLWLRQLQJ FRQWDLQHUV 0RUSKRORJLFDO
FKDUDFWHUV ZHUH XVHG WR VHSDUDWH WKH VH[ RI S.
tsugae 6DVDML DQG 0F&OXUH  DQG H.
axyridis *RUGRQ  ZKLOH PRQLWRULQJ
RYLSRVLWLRQRYHUKZDVXVHGIRU L. nigrinus
Experimental design of video studies
3UHGDWRU EHKDYLRU DQG GDLO\ DFWLYLW\ SDWWHUQV RI
DGXOW IHPDOHV RI HDFK VSHFLHV ZHUH GRFXPHQWHG LQ
WKH ODERUDWRU\ XVLQJ LQWHUPLWWHQW GLJLWDO YLGHR
UHFRUGLQJ 3UHGDWRU DUHQDV FRQVLVWHG RI  [  FP
3HWUL GLVKHV )LVKHUEUDQG )LVKHU6FLHQWLILF
ZZZILVKHUVFLFRP OLQHG ZLWK PRLVWHQHG ILOWHU
SDSHU 7KH GLDPHWHU RI WKH DVVD\ UHSUHVHQWHG
±; WKH ERG\ ZLGWKV RI WKHVH SUHGDWRUV
([SHULPHQWV ZHUH FRQGXFWHG LQ DQ
HQYLURQPHQWDOO\ FRQWUROOHG URRP XVLQJ WZR
HYDOXDWLRQ SHULRGV EDVHG RQ WHPSHUDWXUH DQG 5+
DYHUDJHV REWDLQHG E\ GDWD ORJJHUV +RER 2QVHW
&RPSXWHU ZZZRQVHWFRPSFRP SODFHG LQ
KHPORFN VWDQGV LQ VRXWKZHVWHUQ 9LUJLQLD 7KH
HYDOXDWLRQV ZHUH WHUPHG  VSULQJ   Û& 
/' ± 5+ DQG  VXPPHU   Û& 
/' ± 5+ 7KHVH FRQGLWLRQV FRYHU WKH
DSSUR[LPDWH GXUDWLRQ ZKHQ A. tsugae VLVWHQV DQG
SURJUHGLHQV DGXOWV ZLWK RYLVDFV DUH SUHVHQW
UHVSHFWLYHO\ 0F&OXUH  (DFK DVVD\
FRQWDLQHG WZR  FP KHPORFN FOLSSLQJV ZKLFK
ZHUH LQIHVWHG ZLWK  A. tsugae VLVWHQV VSULQJ RU
SURJUHGLHQV VXPPHU DGXOWV ZLWK RYLVDFV A.
tsugae KDV D FOXPSHG GLVWULEXWLRQ DW ORZ WR
PRGHUDWH GHQVLWLHV 7KHVH SDWFKHV KDYH PXFK
KLJKHU GHQVLWLHV WKDQ VXUURXQGLQJ DUHDV DQG WKH
DVVD\ ZDV GHVLJQHG WR UHSUHVHQW VXFK DQ DUHD
6SHFLDO DWWHQWLRQ ZDV SDLG WR SUH\ TXDQWLW\ DQG
TXDOLW\ 3UH\ TXDQWLW\ ZDV GHWHUPLQHG IURP
SUHYLRXV ODERUDWRU\ VWXGLHV )ORZHUV HW DO 
VXFK WKDW SUHGDWRUV ZHUH DOORZHG WR IHHG ad
libitum GXULQJ WKH HYDOXDWLRQ +LJK SUH\ TXDOLW\
ZDV DOVR PDLQWDLQHG E\ PLFURVFRSLFDOO\
H[DPLQLQJ DUHDV DGMDFHQW WR EUDQFK FOLSSLQJV
XVHG LQ WKH WULDOV WR LQVXUH WKDW DGXOWV ZHUH DOLYH
DQG SRVVHVVHG RYLVDFV ZLWK D VLPLODU QXPEHU RI
HJJV (DFK SUHGDWRU VSHFLHV ZDV HYDOXDWHG VLQJO\
DQG FRPELQHG ZLWK RQH DGGLWLRQDO FRQVSHFLILF RU
KHWHURVSHFLILF SUHGDWRU LQ DOO SRVVLEOH
FRPELQDWLRQV $OO VSHFLHV ZHUH LQFOXGHG LQ WKH
VSULQJ HYDOXDWLRQ KRZHYHU L. nigrinus ZDV
H[FOXGHG IURP WKH VXPPHU HYDOXDWLRQ GXH WR LWV
DHVWLYDWLRQSHULRG=LODKL%DORJKHWDOF
9LGHR FDSWXUH ZDV GRQH XVLQJ D RQHFKLS GLJLWDO
FDPFRUGHU 39*6 3DQDVRQLF .QR[YLOOH 71
PRXQWHG RQ D FDPHUD VWDQG ± FP GLUHFWO\
DERYH WKH DUHQD )LJXUH  7KH FDPFRUGHU KDG D
; RSWLFDO OHQV DQG ; GLJLWDO ]RRP
$XWRPDWLF VHWWLQJV ZHUH JHQHUDOO\ XVHG WR FRQWURO
FDPFRUGHU H[SRVXUH JDLQ IRFXV DQG
ZKLWHEDODQFH OHYHOV KRZHYHU PDQXDO
DGMXVWPHQWV ZHUH PDGH DV QHFHVVDU\ WR LPSURYH
RYHUDOO YLGHR TXDOLW\ $ YLGHR RXWSXW FDEOH
)LUH:LUH ,(((  $SSOH &RPSXWHU
&XSHUWLQR &$ ZDV XVHG WR OLQN WKH FDPFRUGHU
GLUHFWO\ WR D FRPSXWHU L0DF * $SSOH
&RPSXWHU &XSHUWLQR &$ IRU GLUHFW WUDQVIHU RI DOO
YLGHR VHJPHQWV 'LJLWDO YLGHR VRIWZDUH (YR&DP
 (YRORJLFDO ZZZHYRORJLFDOFRP ZDV XVHG WR
YLVXDOL]H WKH DUHQD FRQWURO YLGHRFDSWXUH DQG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH FRPSUHVV YLGHR VHJPHQWV SULRU WR VWRUDJH RQ WKH
KDUG GULYH DQG HYHQWXDO DUFKLYLQJ RQWR FRPSDFW
GLVF 2QHPLQXWH YLGHR UHFRUGLQJV ZHUH FDSWXUHG
HYHU\  PLQ RYHU  K IRU D WRWDO RI 
REVHUYDWLRQV SHU GD\ (DFK WUHDWPHQW ZDV
SUHSDUHG LQ GXSOLFDWH ZLWK RQH DVVD\ UHFRUGHG
GXULQJ WKH GD\ DQG RQH DW QLJKW 9LGHR VHJPHQWV
ZHUH FRPSUHVVHG WR 03(* IRUPDW DQG UHYLHZHG
XVLQJ 4XLFN7LPH  VRIWZDUH $SSOH
&RPSXWHU 7ZR OLJKW VRXUFHV ZLWK ZKLWH
WUDQVOXFHQW GLIIXVLQJ ILOWHUV ZHUH SRVLWLRQHG ±
P RQ HDFK VLGH RI WKH DUHQD WR LOOXPLQDWH WKH
DUHQD DGHTXDWHO\ IRU ILOPLQJ 'D\ UHFRUGLQJV XVHG
DPELHQW OLJKW VXSSOHPHQWHG E\ : VRIWZKLWH
OLJKW EXOEV 3KLOLSV ZKLOH QLJKW UHFRUGLQJV XVHG
: UHG OLJKW EXOEV 3KLOLSV 3LORW VWXGLHV ZHUH
FRPSOHWHG WR GHWHUPLQH RSWLPDO DVVD\ FRQGLWLRQV
IRU ILOPLQJ DQG WR DVVXUH WKDW SUHGDWRU EHKDYLRU
ZDV QRW VLJQLILFDQWO\ DOWHUHG LQ UHVSRQVH WR
H[SHULPHQWDO FRQGLWLRQV $Q HOHFWURQLF GDWD
ORJJHU +RER 2QVHW &RPSXWHU ZDV SODFHG QH[W
WR WKH DVVD\ WR PRQLWRU HQYLURQPHQWDO FRQGLWLRQV
6L[ UHSOLFDWLRQV RI HDFK WUHDWPHQW ZHUH
FRPSOHWHG ZLWK WKUHH RFFXUULQJ GXULQJ WKH GD\
DQGWKUHHDWQLJKW
Predator behavior and daily activity
7KH YLGHR UHFRUGLQJV ZHUH UHYLHZHG DQG VFRUHG
IRU EHKDYLRU H[KLELWHG DQG UHODWLYH ORFDWLRQ RI
HDFK SUHGDWRU (DFK UHFRUGLQJ ZDV DVVLJQHG WR
RQH RI ILYH JHQHUDO EHKDYLRU FDWHJRULHV 
([WHQVLYH VHDUFKLQJ  ,QWHQVLYH VHDUFKLQJ 
)HHGLQJ  2YLSRVLWLRQ RU  5HVWLQJ )RU DOO
VSHFLHV WKH GXUDWLRQ RI HDFK EHKDYLRU ZDV
FRQVLVWHQWO\ JUHDWHU WKDQ WKH  PLQ UHFRUGLQJ
LQWHUYDO VR HDFK YLGHR VHJPHQW FRXOG EH DVVLJQHG
WR D VLQJOH EHKDYLRUDO FDWHJRU\ 6HDUFKLQJ
EHKDYLRU ZDV GLYLGHG LQWR H[WHQVLYH VHDUFK
GLVWLQJXLVKHG E\ UDSLG PRYHPHQW RYHU D ODUJH
DUHD RI WKH DVVD\ RU EUDQFK VXUIDFH DQG LQWHQVLYH
VHDUFK GLVWLQJXLVKHG E\ VORZHU PRYHPHQWV RYHU D
VPDOO DUHD RI WKH EUDQFK VXUIDFH 3UHGDWRU
SODFHPHQW RI WKH PRXWKSDUWV KHDG RU ERG\ ZLWKLQ
A. tsugae RYLVDFV ZDV XVHG WR GHVLJQDWH IHHGLQJ
EHKDYLRU 7KLV ZDV RIWHQ DFFRPSDQLHG E\ YLVXDO
HYLGHQFH RI GLVUXSWHG ZRROO\ ILODPHQWV DQG WKH
SUHVHQFH RI DGHOJLG KHPRO\PSK RQ WKH RYLVDF
VXUIDFH &ORVH LQVSHFWLRQ RI A. tsugae RYLVDFV E\
L. nigrinus RU RI EUDQFK DQG QHHGOH VXEVWUDWHV E\
S. tsugae DQG H. axyridis IROORZHG E\ H[WHQVLRQ
RI WKH SRVWHULRU DEGRPLQDO VHJPHQWV IXQFWLRQDO
RYLSRVLWRU ZDV XVHG WR GHVLJQDWH RYLSRVLWLRQ
EHKDYLRU )RU L. nigrinus HJJ GHSRVLWLRQ FRXOG
QRW EH GLUHFWO\ REVHUYHG EHFDXVH RI SODFHPHQW
LQVLGH WKH DGHOJLG RYLVDF 6LPLODUO\ HJJ GHSRVLWLRQ
E\ WKH FRFFLQHOOLG VSHFLHV RQ EUDQFK RU QHHGOH
VXEVWUDWHV ZDV GLIILFXOW WR REVHUYH GLUHFWO\ DV
RQO\ D VLQJOH RYHUKHDG YLHZ RI WKH DUHQD ZDV
DYDLODEOH 7KHUHIRUH RYLSRVLWLRQ HYHQWV ZHUH
GHWHUPLQHG LQGLUHFWO\ XVLQJ PLFURVFRSLF
H[DPLQDWLRQ RI EUDQFK FOLSSLQJV DW WKH FRQFOXVLRQ
RI HDFK DVVD\ )RU DOO VSHFLHV HDFK SUHGDWRU HJJ
IRXQG ZDV GHVLJQDWHG DV D VLQJOH RYLSRVLWLRQ HYHQW
IRU WKDW VSHFLHV GXULQJ WKDW WLPH SHULRG 3UHGDWRU
HJJV ZHUH GLVWLQJXLVKHG XVLQJ PRUSKRORJLFDO
FKDUDFWHULVWLFV RI L. nigrinus =LODKL%DORJK HW DO
F S. tsugae 6DVDML DQG 0F&OXUH  DQG
H. axyridis *RUGRQ  5HVWLQJ EHKDYLRU ZDV
GHVLJQDWHG DV SUHGDWRUV PDLQWDLQLQJ D VWDWLRQDU\
SRVLWLRQ RQ WKH EUDQFK RU DVVD\ VXUIDFH %HKDYLRU
GHVFULSWLRQV IRU HDFK VSHFLHV ZHUH EDVHG RQ D
UHYLHZ RI  UDQGRPO\ VHOHFWHG YLGHR VHJPHQWV RI
HDFK EHKDYLRU FDWHJRU\ IURP VLQJOHSUHGDWRU DVVD\
UHFRUGLQJV 3UHGDWRU GDLO\ DFWLYLW\ SDWWHUQV ZHUH
GHWHUPLQHG E\ VXPPLQJ WKH QXPEHU RI VFRUHG
HYHQWV IRU HDFK EHKDYLRU FDWHJRU\ RYHU HDFK WLPH
SHULRG GD\QLJKW 9LGHR VHJPHQWV LQ ZKLFK
SUHGDWRU EHKDYLRU FRXOG QRW EH FOHDUO\
GLVWLQJXLVKHG RU FRQVLVWHG RI PXOWLSOH EHKDYLRUV
ZHUHH[FOXGHGIURPWKHDQDO\VHV
Predator effects on temporal and spatial
patterns
,Q SDLUHGSUHGDWRU DVVD\V EHKDYLRU ZDV VFRUHG
IRU RQH PDUNHG SUHGDWRU FKRVHQ DW UDQGRP LQ
FRQVSHFLILF FRPELQDWLRQV DQG IRU HDFK VSHFLHV LQ
KHWHURVSHFLILF FRPELQDWLRQV 7KH LPSDFWV RI LQWUD
DQG LQWHUVSHFLILF FRPSHWLWLRQ RQ SUHGDWRU GDLO\
DFWLYLW\ SDWWHUQV ZHUH DVVHVVHG E\ FRPSDULVRQ RI
WKH UHVXOWV RI VLQJOH DQG SDLUHGSUHGDWRU WULDOV IRU
HDFK VSHFLHV ,Q WKH DEVHQFH RI VLJQLILFDQW
FRPSHWLWLYH LQWHUIHUHQFH VLPLODULW\ DPRQJ WKH
FRXQWV RI HDFK EHKDYLRU FDWHJRU\ ZRXOG EH
H[SHFWHG DPRQJ WKH WUHDWPHQWV $ VLJQLILFDQW VKLIW
LQ WKH QXPEHU RI EHKDYLRU HYHQWV ZDV XVHG WR
LQGLFDWH SUHGDWRU LQWHUIHUHQFH )RU VSDWLDO
DQDO\VHV RI SUHGDWRU SDLUV WKH DSSUR[LPDWH
VHSDUDWLRQ ± FP EHWZHHQ SUHGDWRUV ZDV
DVVHVVHG DW WKH VWDUW RI HDFK UHFRUGLQJ DQG
GLVWDQFHV ZHUH DYHUDJHG IRU HDFK WUHDWPHQW
6HSDUDWLRQ GLVWDQFHV ZHUH PHDVXUHG IURP WKH
FHQWHU RI WKH ERG\ RI HDFK SUHGDWRU WR DFFRXQW IRU
VL]HGLIIHUHQFHVDPRQJWKHVHVSHFLHV
Statistical analysis
3UHGDWRU EHKDYLRU DQDO\VHV DV ZHOO DV FKDQJHV LQ
WHPSRUDO DQG VSDWLDO DFWLYLW\ SDWWHUQV ZHUH
H[DPLQHG VHSDUDWHO\ IRU WKH VSULQJ DQG VXPPHU
HYDOXDWLRQ XVLQJ D PL[HG PRGHO SURF PL[HG6$6
,QVWLWXWH  ZZZVDVFRP 7KH PRGHO
LQFRUSRUDWHG ERWK IL[HG IDFWRUV DQG D UDQGRP
FRYDULDWH DV EHKDYLRU ZDV GRFXPHQWHG IRU
LQGLYLGXDO SUHGDWRUV DQG UHTXLUHG D KLHUDUFKLFDO
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH DQDO\VLV VLQFH WKH LQGLYLGXDO VHUYHG DV D EORFN IRU
WKH EHKDYLRUV 6LQJOHSUHGDWRU DVVD\ FRPSDULVRQV
ZHUH DQDO\]HG VHSDUDWHO\ E\ EHKDYLRU FDWHJRU\
DQG WKH PRGHO LQFOXGHG SUHGDWRU VSHFLHV DQG WLPH
GD\QLJKW DV IL[HG FDWHJRULFDO YDULDEOHV DQG
SUHGDWRU VSHFLHV E\ UHSOLFDWLRQ DV WKH UDQGRP
FRYDULDWH 3DLUHGSUHGDWRU WHPSRUDO EHKDYLRUDO
DQDO\VHV ZHUH H[DPLQHG VHSDUDWHO\ E\ SUHGDWRU
VSHFLHV DQG EHKDYLRU FDWHJRU\ ZKLOH
SDLUHGSUHGDWRU VSDWLDO DQDO\VHV ZHUH H[DPLQHG
VHSDUDWHO\ E\ EHKDYLRU FDWHJRU\ RQO\ 7KH PRGHO
LQ HDFK FDVH LQFOXGHG SUHGDWRU VSHFLHV
FRPELQDWLRQ DQG WLPH DV IL[HG FDWHJRULFDO
YDULDEOHV DQG SUHGDWRU VSHFLHV FRPELQDWLRQ E\
UHSOLFDWLRQ DV WKH UDQGRP FRYDULDWH 7UHDWPHQW
PHDQV ZHUH DQDO\]HG XVLQJ WZRZD\ DQDO\VLV RI
YDULDQFH IROORZHG E\ 7XNH\¶V +6' WR VHSDUDWH
WUHDWPHQW PHDQV =DU  %HKDYLRU HYHQW
FRXQWV ZHUH ORJ WUDQVIRUPHG WR DFKLHYH




$GXOW IHPDOH SUHGDWRU EHKDYLRU YDULHG
TXDOLWDWLYHO\ IRU HDFK VSHFLHV ([WHQVLYH VHDUFKLQJ
EHKDYLRU ZDV VLPLODU LQ IRUP IRU DOO VSHFLHV ,W
RFFXUUHG SULPDULO\ RQ WKH XSSHU DQG ORZHU DVVD\
VXUIDFHV DQG FRQVLVWHG RI VXFFHVVLYH UDSLG
PRYHPHQWV FRYHULQJ D ODUJH DUHD 7KH EHKDYLRU
ZDV VRPHWLPHV IROORZHG E\ UHORFDWLRQ RQWR
EUDQFK VXUIDFHV DQG D UDSLG VKLIW WR LQWHQVLYH
VHDUFKLQJ EHKDYLRU RFFXUUHG ,Q RWKHU FDVHV WKH
EHKDYLRU ZRXOG RFFXU RYHU ORQJHU SHULRGV RI WLPH
DQG PD\ UHSUHVHQW SUHGDWRU DJLWDWLRQ DQG DQ
DWWHPSW WR GLVSHUVH IURP WKH DVVD\ ,QWHQVLYH
VHDUFKLQJ E\ L. nigrinus FRQVLVWHG RI VXFFHVVLYH
LQVSHFWLRQ RI A. tsugae RYLVDFV XVLQJ D VHULHV RI
VKRUW OLQHDU PRYHPHQWV IURP RQH SUH\ ORFDWLRQ WR
DQRWKHU 9LGHR 'XULQJ SUH\ LQVSHFWLRQ WKHUH
ZDV RIWHQ WDSSLQJ RI WKH DQWHQQDH DQG DEGRPHQ
RQ WKH VXUIDFH RI WKH DGHOJLG RYLVDF $IWHU
VXUYH\LQJ QXPHURXV SUH\ LWHPV DGXOW IHPDOHV
ZRXOG UHPDLQ DW D VLQJOH ORFDWLRQ IRU DGGLWLRQDO
LQVSHFWLRQ DQG WKLV ZDV RIWHQ IROORZHG E\ IHHGLQJ
RU RYLSRVLWLRQ EHKDYLRU ,QWHQVLYH VHDUFKLQJ E\ S.
tsugae FRQVLVWHG RI D VHULHV RI V\VWHPDWLF
PRYHPHQWV DORQJ WKH QHHGOH DQG EUDQFK VXUIDFHV
,Q PRVW FDVHV RQH VLGH RI WKH EUDQFK FOLSSLQJ
ZRXOG EH VXUYH\HG DW D WLPH E\ KRUL]RQWDO
PRYHPHQWV DORQJ HDFK VLGH RI VHYHUDO QHHGOHV LQ
VXFFHVVLRQ 9LGHR 7KLV RIWHQ UHVXOWHG LQ FRQWDFW
ZLWK A. tsugae RYLVDFV DIWHU ZKLFK WKLV VHDUFK
SDWWHUQ ZRXOG FHDVH DQG DQ DSSDUHQW FORVHU
LQVSHFWLRQ RI SUH\ ZRXOG RFFXU )RU H. axyridis
LQWHQVLYH VHDUFKLQJ DSSHDUHG WR EH OHVV V\VWHPDWLF
WKDQ WKDW RI WKH VSHFLDOLVW SUHGDWRUV )HPDOHV
ZRXOG XVXDOO\ PRYH IURP DQ H[WHQVLYH VHDUFKLQJ
SDWWHUQ RU D UHVWLQJ ORFDWLRQ GLUHFWO\ WR D SUH\ LQ
FORVH SUR[LPLW\ 3UH\ VHOHFWLRQ ZDV UDSLG DQG
IHHGLQJRIWHQEHJDQLPPHGLDWHO\
)HHGLQJ E\ DGXOW IHPDOH SUHGDWRUV ZDV VLPLODU LQ
IRUP IRU DOO VSHFLHV 7KH PDQGLEOHV ZHUH XVHG WR
GLVUXSW WKH RYLVDF ILODPHQWV WR REWDLQ DFFHVV WR
DGXOW DQG LPPDWXUH A. tsugae 6SHFLDOLVW
SUHGDWRUV ZRXOG XVXDOO\ IHHG RQ VRPH RI WKH RXWHU
HJJV RI WKH DGHOJLG RYLVDF WKHQ DGYDQFH IXUWKHU
LQWR WKH RYLVDF XQWLO RQO\ WKH SRVWHULRU DEGRPHQ
ZDV YLVLEOH FDXVLQJ D ORZ OHYHO RI GLVUXSWLRQ
9LGHR :KHQ DWWDFNLQJ DGHOJLG DGXOWV VSHFLDOLVW
SUHGDWRUV ZRXOG RIWHQ PDNH D VLQJOH ELWH RQ WKH
WKRUD[ RU DEGRPHQ UHOHDVLQJ KHPRO\PSK WKDW
ZDV LQJHVWHG E\ WKH DGXOW DQG UHVXOWLQJ LQ D
FROODSVHG A. tsugae H[RVNHOHWRQ ,Q FRQWUDVW H.
axyridis ZRXOG JUHDWO\ GLVUXSW DGHOJLG RYLVDFV WR
IHHG RQ DGXOWV DQG LPPDWXUHV RIWHQ FRQVXPLQJ D
ODUJH SRUWLRQ RI WKH HJJV DQG DGXOW H[RVNHOHWRQ E\
FKHZLQJ 9LGHR )HHGLQJ E\ WKH VSHFLDOLVWV
RFFXUUHG PRUH RIWHQ DQG IRU VKRUWHU GXUDWLRQV
WKDQ H. axyridis
3UHGDWRU RYLSRVLWLRQ DQG UHVWLQJ EHKDYLRU IRU
WKHVH VSHFLHV ZDV VLPLODU LQ IRUP DQG GLVWLQFW LQ
ORFDWLRQ )RU L. nigrinus WKHUH ZHUH WDSSLQJ DQG
UHSHDWHG LQVHUWLRQV RI WKH SRVWHULRU DEGRPLQDO
VHJPHQWV LQWR WKH DGHOJLG RYLVDF EHIRUH HJJ
GHSRVLWLRQ 9LGHR /DWHUDO PRYHPHQWV RI WKH OHJV
DQG DEGRPHQ KHOSHG WR GULYH WKHVH VHJPHQWV
GHHSHU LQWR WKH RYLVDF )RU WKLV VSHFLHV HJJV ZHUH
XVXDOO\ SODFHG VLQJO\ EXW ± HJJV ZRXOG
VRPHWLPHV EH SODFHG DW WKH VDPH ORFDWLRQ RQFH DOO
DYDLODEOH RYLVDFV FRQWDLQHG HJJV 2YLSRVLWLRQ E\ S.
tsugae DQG H. axyridis ZDV YHU\ ORZ RYHUDOO DQG
GLIILFXOW WR GRFXPHQW LQ PDQ\ FDVHV GXH WR
H[SHULPHQWDO OLPLWDWLRQV ,W DSSHDUHG WKDW WKH
WKHVH FRFFLQHOOLG VSHFLHV ZRXOG ILUVW LQVSHFW WKH
IROLDJH RU EUDQFK VXUIDFH IROORZHG E\ H[WHQVLRQ RI
WKH SRVWHULRU DEGRPLQDO VHJPHQWV ZKLFK ZRXOG
SUREH KRVW VXEVWUDWHV EHIRUH RYLSRVLWLRQ )RU S.
tsugae HJJV ZHUH XVXDOO\ SODFHG VLQJO\ LQ FORVH
SUR[LPLW\ WR DGHOJLG RYLVDFV RQ KHPORFN EXG
VFDOHV RU LQ EDUN FUHYLFHV ZLWK WKH HJJV VOLJKWO\
H[SRVHG ,Q FRQWUDVW RYLSRVLWLRQ E\ H. axyridis
ZDV LQ JURXSV RI ± HJJV SODFHG RQ QHHGOH
Video7KLVYLGHRFDQEHDFFHVVHGDWWKHIROORZLQJ85, http://digital.library.wisc.edu/1793/11389
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 20HDQQXPEHU6(RIEHKDYLRUHYHQWVSHUGD\IRUDGXOWIHPDOH Laricobius nigrinus Sasajiscymnus




0HDQZDVVLJQLILFDQWO\GLIIHUHQWDW P QV QRVLJQLILFDQWGLIIHUHQFHDPRQJPHDQVIRUWKH
EHKDYLRU
VXUIDFHV LQ FORVH SUR[LPLW\ WR DGHOJLG RYLVDFV
/DVWO\ UHVWLQJ EHKDYLRU E\ L. nigrinus DQG S.
tsugae XVXDOO\ RFFXUUHG DW FRQFHDOHG ORFDWLRQV RQ
WKH EUDQFK VXUIDFH LQ FORVH SUR[LPLW\ WR A. tsugae
3UHGDWRUV ZHUH RIWHQ ORFDWHG DW WKH MXQFWLRQ RI WKH
VWHP DQG D EUDQFKOHW RU EHWZHHQ WZR QHHGOHV DW
WKH EDVH RI EUDQFKOHWV ,Q FRQWUDVW UHVWLQJ E\ H.
axyridis RFFXUUHG DW PRUH H[SRVHG ORFDWLRQV RQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH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0HDQZDVVLJQLILFDQWO\GLIIHUHQWDW P QV QRVLJQLILFDQWGLIIHUHQFH
DPRQJPHDQVIRUWKHEHKDYLRU>FRQWLQXHGRQQH[WSDJH@
EUDQFK DQG DUHQD VXEVWUDWHV RIWHQ DW JUHDWHU
GLVWDQFHVIURP A. tsugae
Predator daily activity
,Q VLQJOHSUHGDWRU EHKDYLRU FRPSDULVRQV WKHUH
ZDV D VLJQLILFDQW LQWHUDFWLRQ EHWZHHQ SUHGDWRU
VSHFLHV DQG EHKDYLRU FDWHJRU\ LQ VSULQJ F   
GI    P   DQG VXPPHU F    GI
   P   VR HDFK EHKDYLRU FDWHJRU\





0HDQZDVVLJQLILFDQWO\GLIIHUHQWDW P QV QRVLJQLILFDQWGLIIHUHQFHDPRQJ
PHDQVIRUWKHEHKDYLRU
FDWHJRU\ DQDO\VHV WKHUH ZHUH QR VLJQLILFDQW
LQWHUDFWLRQV EHWZHHQ WKH YDULDEOHV VR HDFK IDFWRU
ZDVHYDOXDWHGDFURVVWKHRWKHUYDULDEOHOHYHOV
'XULQJ WKH VSULQJ WKHUH ZHUH VLJQLILFDQW
GLIIHUHQFHV E\ SUHGDWRU VSHFLHV IRU H[WHQVLYH
VHDUFKLQJ LQWHQVLYH VHDUFKLQJ IHHGLQJ
RYLSRVLWLRQ DQG UHVWLQJ )LJXUH $ 7DEOH 
([WHQVLYH VHDUFKLQJ DQG UHVWLQJ EHKDYLRUV ZHUH
JUHDWHU LQ WKH FRFFLQHOOLG VSHFLHV WKDQ LQ L.
nigrinus ZKLFK VKRZHG JUHDWHU LQWHQVLYH
VHDUFKLQJ EHKDYLRU DQG RYLSRVLWLRQ WKDQ WKH
FRFFLQHOOLG VSHFLHV )HHGLQJ EHKDYLRU E\ L.
nigrinus DQG H. axyridis ZDV VLPLODU LQ WKH
VSULQJ DQG FRXQWV IRU HDFK VSHFLHV ZHUH JUHDWHU
WKDQ IRU S. tsugae 2YHUDOO WKH GLVWULEXWLRQ RI
HYHQWV DFURVV EHKDYLRU FDWHJRULHV ZDV PRUH HYHQ
IRU L. nigrinus ZKLOH WKH FRFFLQHOOLG EHKDYLRUV
ZHUHVNHZHGWRZDUGUHVWLQJ
'XULQJ WKH VXPPHU HYDOXDWLRQ VLJQLILFDQW
GLIIHUHQFHV DOVR RFFXUUHG E\ SUHGDWRU VSHFLHV IRU
LQWHQVLYH VHDUFKLQJ DQG IHHGLQJ ZKLOH H[WHQVLYH
VHDUFKLQJ RYLSRVLWLRQ DQG UHVWLQJ ZHUH VLPLODU
)LJXUH % 7DEOH  ,QWHQVLYH VHDUFKLQJ EHKDYLRU
ZDV JUHDWHU IRU S. tsugae WKDQ IRU H. axyridis7 K H
ODWWHU KDG D JUHDWHU QXPEHU RI IHHGLQJ HYHQWV WKDQ
S. tsugae 'XULQJ WKH VXPPHU HYDOXDWLRQ
EHKDYLRU IRU WKHVH VSHFLHV DSSHDUHG WR EH PRUH
HYHQO\ GLVWULEXWHG DFURVV WKH FDWHJRULHV WKDQ LQ
WKHVSULQJ
)RU WKH VHFRQG IDFWRU WLPH GD\QLJKW WKHUH
ZHUH QR VLJQLILFDQW GLIIHUHQFHV LQ WKH VSULQJ IRU
Table 1'DLO\DFWLYLW\FRPSDULVRQVRIVLQJOHSUHGDWRUVE\VSHFLHVDQGWLPHGD\QLJKW
Spring Summer
Predator Species F df PF df P
([WHQVLYHVHDUFKLQJ      
,QWHQVLYHVHDUFKLQJ      
)HHGLQJ      
2YLSRVLWLRQ      
5HVWLQJ      
Time F df PF df P
([WHQVLYHVHDUFKLQJ      
,QWHQVLYHVHDUFKLQJ      
)HHGLQJ      
2YLSRVLWLRQ      
5HVWLQJ      
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661






0HDQZDVVLJQLILFDQWO\GLIIHUHQWDW P QV QRVLJQLILFDQWGLIIHUHQFHDPRQJPHDQVIRUWKH
EHKDYLRU
H[WHQVLYH VHDUFKLQJ LQWHQVLYH VHDUFKLQJ IHHGLQJ
RYLSRVLWLRQ DQG UHVWLQJ ZKHQ DOO SUHGDWRU VSHFLHV
UHVSRQVHV ZHUH DQDO\]HG WRJHWKHU ,Q FRQWUDVW
GXULQJ WKH VXPPHU WKHUH ZHUH VLJQLILFDQW
GLIIHUHQFHV LQ LQWHQVLYH VHDUFKLQJ IHHGLQJ DQG




Laricobius nigrinus* F df PF df P
([WHQVLYHVHDUFKLQJ   
,QWHQVLYHVHDUFKLQJ   
)HHGLQJ   
2YLSRVLWLRQ   
5HVWLQJ   
Sasajiscymnus tsugae
([WHQVLYHVHDUFKLQJ      
,QWHQVLYHVHDUFKLQJ      
)HHGLQJ      
2YLSRVLWLRQ      
5HVWLQJ      
Harmonia axyridis
([WHQVLYHVHDUFKLQJ      
,QWHQVLYHVHDUFKLQJ      
)HHGLQJ      
2YLSRVLWLRQ      
5HVWLQJ      

 /DULFRELXVQLJULQXVZDVQRWHYDOXDWHGLQWKHVXPPHUGXHLWVQDWXUDOGLDSDXVH
ZHUH VLPLODU 7DEOH  'XULQJ WKLV SHULRG
LQWHQVLYH VHDUFKLQJ DQG IHHGLQJ EHKDYLRU IRU WKH
FRFFLQHOOLGV ZHUH JUHDWHU GXULQJ WKH GD\ ZKLOH
UHVWLQJZDVJUHDWHUDWQLJKW
Predator effects on temporal patterns
)RU WHPSRUDO DFWLYLW\ FRPSDULVRQV LQ WKH
SDLUHGSUHGDWRU WULDOV WKHUH ZHUH VLJQLILFDQW
LQWHUDFWLRQV EHWZHHQ SUHGDWRU VSHFLHV
FRPELQDWLRQ DQG EHKDYLRU FDWHJRU\ GXULQJ WKH
VSULQJ )    GI    3   DQG
VXPPHU )    GI    3    VR
EHKDYLRU FDWHJRULHV ZHUH DQDO\]HG VHSDUDWHO\ )RU
HDFK EHKDYLRU FDWHJRU\ WKHUH ZHUH QR VLJQLILFDQW
LQWHUDFWLRQV EHWZHHQ WKH YDULDEOHV VR HDFK IDFWRU
ZDVHYDOXDWHGDFURVVWKHRWKHUYDULDEOHOHYHOV
,Q WKH VSULQJ L. nigrinus VKRZHG VLJQLILFDQW
GLIIHUHQFHV E\ SUHGDWRU VSHFLHV FRPELQDWLRQ IRU
H[WHQVLYH VHDUFKLQJ LQWHQVLYH VHDUFKLQJ DQG
UHVWLQJ ZKLOH IHHGLQJ DQG RYLSRVLWLRQ ZHUH
VLPLODU )LJXUH $ 7DEOH  )RU HDFK EHKDYLRU LW
ZDV WKH FRQVSHFLILF DVVD\ WKDW YDULHG OHDGLQJ WR
JUHDWHU H[WHQVLYH DQG LQWHQVLYH VHDUFKLQJ
EHKDYLRUV DQG GHFUHDVHG UHVWLQJ ,Q FRQWUDVW S.
tsugae KDG VLPLODU UHVSRQVHV E\ SUHGDWRU VSHFLHV
FRPELQDWLRQ IRU DOO EHKDYLRUV )LJXUH % 7DEOH
 )RU H. axyridis LQ WKH VSULQJ WKHUH ZHUH
VLJQLILFDQW GLIIHUHQFHV E\ SUHGDWRU VSHFLHV
FRPELQDWLRQ IRU H[WHQVLYH VHDUFKLQJ IHHGLQJ
RYLSRVLWLRQ DQG UHVWLQJ ZKLOH LQWHQVLYH VHDUFKLQJ
ZDV VLPLODU )LJXUH & 7DEOH  $V LQ WKH FDVH IRU
L. nigrinus LW ZDV WKH FRQVSHFLILF WUHDWPHQW WKDW
YDULHG OHDGLQJ WR PRUH H[WHQVLYH VHDUFKLQJ EXW
UHGXFHGIHHGLQJRYLSRVLWLRQDQGUHVWLQJ
7KH FRFFLQHOOLG SUHGDWRUV VKRZHG VLPLODU UHVXOWV
GXULQJ WKH VXPPHU ZLWK S. tsugae VKRZLQJ QR
VLJQLILFDQW GLIIHUHQFHV E\ SUHGDWRU VSHFLHV
FRPELQDWLRQ IRU DOO EHKDYLRUV )LJXUH $ 7DEOH
Table 33UHGDWRUHIIHFWVRQWHPSRUDOSDWWHUQVE\WLPHGD\QLJKWLQSDLUHGSUHGDWRUWULDOV
Spring Summer
Laricobius nigrinus* F df PF df P
([WHQVLYHVHDUFKLQJ   
,QWHQVLYHVHDUFKLQJ   
)HHGLQJ   
2YLSRVLWLRQ   
5HVWLQJ   
Sasajiscymnus tsugae
([WHQVLYHVHDUFKLQJ      
,QWHQVLYHVHDUFKLQJ      
)HHGLQJ      
2YLSRVLWLRQ      
5HVWLQJ      
Harmonia axyridis
([WHQVLYHVHDUFKLQJ      
,QWHQVLYHVHDUFKLQJ      
)HHGLQJ      
2YLSRVLWLRQ      
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 ,Q FRQWUDVW H. axyridis DJDLQ VKRZHG
VLJQLILFDQW GLIIHUHQFHV E\ SUHGDWRU VSHFLHV
FRPELQDWLRQ IRU H[WHQVLYH VHDUFKLQJ IHHGLQJ
RYLSRVLWLRQ DQG UHVWLQJ ZKLOH LQWHQVLYH VHDUFKLQJ
ZDV VLPLODU )LJXUH % 7DEOH  &RQVLVWHQW ZLWK
WKH VSULQJ HYDOXDWLRQ WKH FRQVSHFLILF
FRPELQDWLRQ OHG WR LQFUHDVHG H[WHQVLYH VHDUFKLQJ
DV ZHOO DV UHGXFHG IHHGLQJ RYLSRVLWLRQ DQG
UHVWLQJ
%\ WLPH GD\QLJKW WKH VSULQJ HYDOXDWLRQ
UHYHDOHG VLJQLILFDQW GLIIHUHQFHV IRU L. nigrinus LQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH LQWHQVLYH VHDUFKLQJ IHHGLQJ DQG UHVWLQJ ZKLOH
H[WHQVLYH VHDUFKLQJ DQG RYLSRVLWLRQ ZHUH VLPLODU
7DEOH  7KHUH ZDV JUHDWHU LQWHQVLYH VHDUFKLQJ
EHKDYLRU DW QLJKW ZKLOH IHHGLQJ DQG UHVWLQJ ZHUH
JUHDWHU GXULQJ WKH GD\ )RU S. tsugaeQ R
VLJQLILFDQW GLIIHUHQFHV E\ WLPH ZHUH REVHUYHG IRU
DQ\ RI WKH EHKDYLRUV LQ WKH VSULQJ 7DEOH  7KH
UHVXOWV IRU H. axyridis UHYHDOHG VLJQLILFDQW
GLIIHUHQFHV E\ WLPH IRU H[WHQVLYH VHDUFKLQJ
LQWHQVLYH VHDUFKLQJ IHHGLQJ DQG UHVWLQJ ZKLOH
RQO\ RYLSRVLWLRQ ZDV VLPLODU 7DEOH  ([WHQVLYH
DQG LQWHQVLYH VHDUFKLQJ DV ZHOO DV IHHGLQJ ZHUH
JUHDWHU GXULQJ WKH GD\ ZKLOH UHVWLQJ RFFXUUHG
PRUHDWQLJKW
,Q WKH VXPPHU S. tsugae VKRZHG VLJQLILFDQW
GLIIHUHQFHV E\ WLPH IRU H[WHQVLYH DQG LQWHQVLYH
VHDUFKLQJ DV ZHOO DV IHHGLQJ DQG UHVWLQJ ZKLOH
RQO\ RYLSRVLWLRQ ZDV VLPLODU 7DEOH  5HVXOWV
ZHUH VLPLODU IRU H. axyridis ZLWK H[WHQVLYH
VHDUFKLQJ LQWHQVLYH VHDUFKLQJ IHHGLQJ DQG
UHVWLQJ VLJQLILFDQWO\ GLIIHUHQW E\ WLPH ZKLOH
RYLSRVLWLRQ ZDV VLPLODU 7DEOH  )RU ERWK
FRFFLQHOOLG VSHFLHV H[WHQVLYH DQG LQWHQVLYH
VHDUFKLQJ DV ZHOO DV IHHGLQJ ZDV JUHDWHU GXULQJ
WKHGD\ZKLOHUHVWLQJHYHQWVZHUHJUHDWHUDWQLJKW
Predator effects on spatial patterns
6SDWLDO DFWLYLW\ FRPSDULVRQV LQ WKH
SDLUHGSUHGDWRU WULDOV VKRZHG QR VLJQLILFDQW
LQWHUDFWLRQV EHWZHHQ SUHGDWRU VSHFLHV
FRPELQDWLRQ DQG WLPH GXULQJ VSULQJ )    GI
   3    RU VXPPHU )    GI   
3    DQG HDFK IDFWRU ZDV HYDOXDWHG DFURVV
DOO RWKHU YDULDEOH OHYHOV 7KHUH ZHUH VLJQLILFDQW
GLIIHUHQFHV E\ SUHGDWRU VSHFLHV FRPELQDWLRQ
GXULQJ ERWK VSULQJ )   GI    3   
)LJXUH $ DQG VXPPHU )   GI    3  
 )LJXUH % ,Q WKH VSULQJ WKH FRQVSHFLILF
SDLULQJ RI H. axyridis VKRZHG WKH JUHDWHVW DYHUDJH
VHSDUDWLRQ GLVWDQFH IROORZHG E\ L. nigrinus
FRQVSHFLILFV DQG DOO KHWHURVSHFLILF SDLULQJV ZKLFK
ZHUH VLPLODU 'XULQJ WKH VXPPHU HYDOXDWLRQ H.
axyridis FRQVSHFLILFV RQFH DJDLQ PDLQWDLQHG WKH
JUHDWHVW VSDWLDO VHSDUDWLRQ IROORZHG E\ WKH
KHWHURVSHFLILF SDLULQJ 7KH FRQVSHFLILF SDLULQJ RI
S. tsugae ZHUH IRXQG LQ FORVHVW SUR[LPLW\ GXULQJ
HDFK HYDOXDWLRQ 3UHGDWRU VHSDUDWLRQ GLVWDQFHV
ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW E\ WLPH GXULQJ WKH
VSULQJ )    GI    3    RU VXPPHU
) GI 3 HYDOXDWLRQ
Discussion
:LWKLQKDELWDW KRVW VHDUFKLQJ E\ DSKLGRSKDJRXV
SUHGDWRUV GRHV QRW XVXDOO\ RFFXU UDQGRPO\ EXW
LQYROYHV WZR SDWWHUQV RI PRYHPHQW ([WHQVLYH
VHDUFKLQJ XVHV UDSLG OLQHDU PRYHPHQWV EHWZHHQ
SUH\ SDWFKHV ZKLOH LQWHQVLYH VHDUFKLQJ LQFOXGHV
VORZHU DQG PRUH GLUHFWHG PRYHPHQWV WKDW DUH
RIWHQ LQGXFHG E\ WKH SHUFHSWLRQ RI SUH\ FXHV %HOO
 ,Q SUHGDWRU\ EHHWOHV FKDQJHV WR VHDUFK
EHKDYLRU RIWHQ RFFXU LQ UHVSRQVH WR SUH\ GHWHFWLRQ
DQG FDSWXUH ZKLFK UHVXOWV LQ D VZLWFK IURP
H[WHQVLYH WR LQWHQVLYH RU ORFDO DUHDFRQFHQWUDWHG
VHDUFKLQJ 1DNDPXWD   7KLV YDULHV
EDVHG RQ WKH DELOLW\ RI WKH SUHGDWRUV WR GHWHFW
SUH\VSHFLILF FXHV DQG DSSHDUV WR EH
DGYDQWDJHRXV IRU SUHGDWRUV ZKRVH SUH\ GLVSOD\ D
FOXPSHG GLVWULEXWLRQ 3UHYLRXV VWXGLHV RI H.
axyridis LQGLFDWH WKDW WKLV VSHFLHV XVHV YLVLRQ DQG
ROIDFWLRQ WR ILQG SUH\ 2EDWD  +DUPRQ HW DO
 +DQ DQG &KHQ  DQG DUH FRQVLVWHQW
ZLWK WKH REVHUYDWLRQV SUHVHQWHG KHUH ZLWK $
WVXJDH $GXOWV RI H. axyridis XQOLNH WKH VSHFLDOLVW
SUHGDWRUV GLG QRW DSSHDU WR IROORZ DQ\ W\SH RI
V\VWHPDWLF VHDUFK SDWWHUQ WR ILQG SUH\ EXW
FRQVLVWHQWO\ GHPRQVWUDWHG WKH DELOLW\ WR PRYH
GLUHFWO\ WR SUH\ ORFDWLRQV XQGHU ERWK GD\ DQG
QLJKW FRQGLWLRQV :KLOH VSHFLILF FXHV ZHUH QRW
GLUHFWO\ WHVWHG LQ WKLV VWXG\ WKH EHKDYLRUDO
REVHUYDWLRQV DUH VXJJHVWLYH RI WKHLU XVH 2OIDFWLRQ
PD\ DOVR EH XVHG LQ SUH\ ILQGLQJ E\ L. nigrinus
ZKLFK SRVVHVV DQWHQQDH ZLWK VHYHUDO ROIDFWRU\
UHFHSWRUV %URHFNOLQJ DQG 6DORP  DQG PD\
EH DEOH WR GHWHFW A. tsugae YRODWLOHV )LHOG VWXGLHV
LQGLFDWH WKDW L. nigrinus FDQ ORFDWH A. tsugae DW
ORZ SRSXODWLRQ GHQVLWLHV LQ LWV QDWLYH UDQJH
0DXVHO  VXJJHVWLQJ WKDW LW PD\ KDYH
ORQJUDQJH SUH\ SHUFHSWLRQ DELOLW\ ,Q FRQWUDVW S.
tsugae KDV D OHVV VRSKLVWLFDWHG DQWHQQDO
PRUSKRORJ\ ZLWK IHZ ROIDFWRU\ UHFHSWRUV
%URHFNOLQJ DQG 6DORP  DQG WKXV PD\ UHO\
PRUH RQ YLVLRQ DQG GLUHFW FRQWDFW FXHV WR ORFDWH
SUH\DVZDVREVHUYHGLQWKLVVWXG\
7KH GLIIHUHQFHV LQ LQWHQVLYH VHDUFKLQJ EHKDYLRU LQ
WKHVH VSHFLHV DUH OLNHO\ UHODWHG WR SUHGDWRU IHHGLQJ
DQG UHSURGXFWLYH ELRORJ\ )RU L. nigrinus DQG S.
tsugae JUHDWHU SUH\ HYDOXDWLRQ PD\ EH D SURGXFW
RI WKHLU FORVH DVVRFLDWLRQ ZLWK $ WVXJDH
=LODKL%DORJK HW DO  &KHDK DQG 0F&OXUH
 (JJV RI L. nigrinus DUH ODLG GLUHFWO\ ZLWKLQ
DGHOJLG RYLVDFV DQG WKXV LW ZRXOG EH
DGYDQWDJHRXV IRU IHPDOHV WR LQVXUH WKDW HDFK
RYLVDF LV RI VXIILFLHQW VL]H RU TXDOLW\ IRU WKH
VXFFHVVIXO GHYHORSPHQW RI SURJHQ\ 6LPLODUO\
UHDULQJ VWXGLHV LQGLFDWH WKDW S. tsugae LV VHQVLWLYH
WR SUH\ TXDOLW\ 3DOPHU DQG 6KHSSDUG 
ZKLFK PD\ H[SODLQ LWV PRUH WKRURXJK SUH\
HYDOXDWLRQ RQFH $ WVXJDH ZDV ORFDWHG ,Q FRQWUDVW
H. axyridis PD\ QRW EH DGDSWHG WR GHWHFW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH TXDOLWDWLYH GLIIHUHQFHV RI $ WVXJDH DQG LQWHQVLYH
VHDUFKLQJ LQ WKLV VSHFLHV DSSHDUV WR EH GLUHFWHG
WRZDUG DUHDV RI KLJK SUH\ GHQVLW\ WKDW DUH ZLWKLQ
FORVH SUR[LPLW\ 7KHVH UHVXOWV DUH FRQVLVWHQW ZLWK
SUHYLRXVO\ GHVFULEHG DUHDFRQFHQWUDWHG VHDUFKLQJ
EHKDYLRU IRU Coccinella septempunctata / D
FORVHO\ UHODWHG FRFFLQHOOLG SUHGDWRU 1DNDPXWD
  DQG IRU H. axyridis ZLWK DSKLG SUH\ LQ
-DSDQ 2EDWD  2VDZD  :KLOH WKH
IRUPHU VSHFLHV XVHG SULPDULO\ YLVXDO FXHV D
FRPELQDWLRQ RI YLVXDO DQG ROIDFWRU\ FXHV DSSHDUV
WR EH XVHG E\ H. axyridis WR JXLGH PRYHPHQWV WR
SUH\
9DULDWLRQV LQ IHHGLQJ DQG RYLSRVLWLRQ EHKDYLRUV
DUH DOVR FRQVLVWHQW ZLWK ZKDW LV NQRZQ UHJDUGLQJ
SUHGDWRU IRUDJLQJ DQG UHSURGXFWLYH ELRORJ\
)HHGLQJ DQG RYLSRVLWLRQ EHKDYLRUV E\ L. nigrinus
DQG S. tsugae ZHUH FRQVLVWHQW ZLWK ZKDW KDV EHHQ
GHVFULEHG SUHYLRXVO\ IRU DQRWKHU VSHFLDOLVW
SUHGDWRU RI $ WVXJDH /X HW DO 
0LFURVFRSLF H[DPLQDWLRQV RI DVVD\V FRQILUPHG
WKDW IHHGLQJ HYHQWV E\ L. nigrinus DQG S. tsugae
ZHUH RIWHQ OLPLWHG LQ H[WHQW )HHGLQJ WKDW LV OHVV
GLVUXSWLYH WR WKH RYLVDF PD\ EH DGYDQWDJHRXV IRU
L. nigrinus DV LW PD\ SURYLGH LQFUHDVHG
SURWHFWLRQ IRU SURJHQ\ WKDW GHYHORS ZLWKLQ WKH
DGHOJLG RYLVDF ,Q FRQWUDVW IHHGLQJ E\ H. axyridis
ZDV JHQHUDOO\ PRUH H[WHQVLYH DW HDFK VLWH DQG
UHVXOWHG LQ D JUHDWHU GLVUXSWLRQ WR RYLVDF
ILODPHQWV 7KLV LQ WXUQ PD\ VHUYH WR EHWWHU
IDFLOLWDWH HQWU\ E\ SURJHQ\ WKDW HPHUJH IURP HJJV
SODFHG RQ KRVW VXEVWUDWHV LQ FORVH SUR[LPLW\ 7KH
RYLSRVLWLRQDO EHKDYLRU REVHUYHG IRU L. nigrinus
PD\ VHUYH WR SURYLGH DQ DGGLWLRQDO DVVHVVPHQW RI
SUH\ TXDOLW\ RU SRWHQWLDOO\ DVVLVW LQ WKH GHWHFWLRQ
RI FRQVSHFLILF FKHPLFDO PDUNHUV RU FRQVSHFLILF
HJJV 7KLV FRXOG DOORZ L. nigrinus WR UHGXFH
LQWUDVSHFLILF LQWHUDFWLRQV DPRQJ SURJHQ\ ZKLFK LV
GHWULPHQWDO WR ODUYDO VXUYLYDO $ VLPLODU W\SH RI
DVVHVVPHQW RI EUDQFK DQG QHHGOH VXEVWUDWHV DOVR
RFFXUUHG IRU WKH FRFFLQHOOLG VSHFLHV EHIRUH
RYLSRVLWLRQ 7KHVH EHKDYLRUV PD\ VHUYH WR
GLVFULPLQDWH ORFDWLRQV RI EHWWHU DWWDFKPHQW RU
SURWHFWLRQ RI HJJV DQG FRXOG OHDG WR LQFUHDVHG
SURJHQ\VXUYLYRUVKLS
3UHGDWRU RYLSRVLWLRQ ORFDWLRQV PD\ EH UHODWHG WR
UHGXFLQJ LQWHUVSHFLILF FRPSHWLWLRQ DV HJJV RI L.
nigrinus DQG S. tsugae DUH YXOQHUDEOH WR
SUHGDWLRQ E\ DOO WKUHH VSHFLHV )ORZHUV HW DO 
 7KXV SODFHPHQW DW PRUH FRQFHDOHG
ORFDWLRQV ORZHUV WKH ULVN RI SUHGDWLRQ RU SURYLGHV
D KLJKHU GHJUHH RI EXIIHULQJ DJDLQVW
HQYLURQPHQWDO FRQGLWLRQV ,Q FRQWUDVW WKH
YLVLELOLW\ RI H. axyridis HJJV DSSHDUV WR EH UHODWHG
WR WKHLU LQKHUHQW FKHPLFDO GHWHUUHQWV ZKLFK
SURYLGH SURWHFWLRQ DJDLQVW LQWHUVSHFLILF SUHGDWLRQ
$\HU DQG %URZQ  +HPSWLQQH HW DO 
$JDUZDOD DQG <DVXGD  ,Q DGGLWLRQ WKH
EULJKW FRORUDWLRQ DQG FOXPSHG GLVWULEXWLRQ RI HJJV
PD\ VHUYH WR ZDUQ KHWHURVSHFLILFV DQG SURYLGH
LQFUHDVHG GHWHFWLRQ DQG IRRG DYDLODELOLW\ WR
FRQVSHFLILFV :KHQ SUH\ LV RI ORZ TXDQWLW\ RU
TXDOLW\ FDQQLEDOLVP KDV EHHQ VKRZQ WR LQFUHDVH
SURJHQ\ JURZWK DQG VXUYLYDO :DJQHU HW DO 
6Q\GHUHWDO 0LFKDXGDQG*UDQW
9DULDWLRQV LQ UHVWLQJ EHKDYLRU IROORZHG D VLPLODU
SDWWHUQ ZLWK L. nigrinus DQG S. tsugae EHLQJ
ORFDWHG LQ PRUH FRQFHDOHG ORFDWLRQV DQG H.
axyridis PDLQWDLQLQJ JUHDWHU DSSDUHQF\
*HQHUDOLVW SUHGDWRUV VXFK DV H. axyridis RIWHQ
HQJDJH LQ LQWUDJXLOG SUHGDWLRQ ZKHQ SUH\
EHFRPHV VFDUFH <DVXGD DQG 6KLQ\D  %XUJLR
HW DO   WKHUHIRUH PRUH FRQFHDOHG
UHVWLQJ ORFDWLRQV PD\ SURYLGH DGGLWLRQDO
SURWHFWLRQ IRU WKH VSHFLDOLVW VSHFLHV *UHDWHU
DSSDUHQF\ IRU H. axyridis ZRXOG QRW EH
GHWULPHQWDO WR WKHLU VXUYLYDO JLYHQ WKHLU FKHPLFDO
HFRORJ\ DQG ZDUQLQJ FRORUDWLRQ DQG PD\ VHUYH WR
LQFUHDVHPDWHILQGLQJ0DMHUXV
'DLO\ SUHGDWRU DFWLYLW\ IRU WKHVH VSHFLHV FDQ EH
JHQHUDOO\ FODVVLILHG DV FRQWLQXRXV LQ ZKLFK
VKRUWHU VHDUFKLQJ IHHGLQJ DQG RYLSRVLWLRQ HYHQWV
DUH SXQFWXDWHG E\ ORQJHU SHULRGV RI UHVW ,Q WKH
VSULQJ LQFUHDVHG DFWLYLW\ DQG D PRUH HYHQ
EHKDYLRU GLVWULEXWLRQ E\ L. nigrinus ZDV OLNHO\
GXH WR WKLV VSHFLHV EHLQJ KLJKO\ FROGDGDSWHG
/DPE HW DO D =LODKL%DORJK et al. E
%HKDYLRU LQ WKHVH VSHFLHV LV LQIOXHQFHG E\
WHPSHUDWXUH &KHDK DQG 0F&OXUH  6WDWKDV HW
DO  =LODKL%DORJK HW DO  WKH
GHYHORSPHQWDO WKUHVKROG RI L. nigrinus ZKLFK LV
ORZHU WKDQ S. tsugae RU H. axyridis E\  DQG
& UHVSHFWLYHO\ &KHDK DQG 0F&OXUH 
/DPDQD DQG 0LOOHU  =LODKL%DORJK et al.
F DOORZHG WKLV VSHFLHV WR PDLQWDLQ JUHDWHU
DFWLYLW\ OHYHOV XQGHU FROGHU FRQGLWLRQV &RQVLVWHQW
ZLWK WKLV UHVXOW S. tsugae DQG H. axyridis
DSSHDUHG WR KDYH D PRUH HYHQ EHKDYLRUDO
GLVWULEXWLRQ DW KLJKHU WHPSHUDWXUHV LQ WKH
VXPPHU HYDOXDWLRQ +RZHYHU HYHQ ZKHQ
WHPSHUDWXUHV ZHUH VLPLODU WR RSWLPDO UHDULQJ
FRQGLWLRQV IRU WKH FRFFLQHOOLG VSHFLHV RYLSRVLWLRQ
PD\ VWLOO KDYH EHHQ OLPLWHG GXH WR H[SHULPHQWDO
FRQVWUDLQWV VXFK DV LQVXIILFLHQW SUH\ TXDOLW\ DQG
KRVW KHDOWK IRU S. tsugae 3DOPHU DQG 6KHSSDUG
 DQG QXWULHQW OLPLWDWLRQV IRU H. axyridis
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 'L[RQ  6RDUHV HW DO  ,Q DGGLWLRQ WKH
GHVLJQ PD\ DOVR KDYH OLPLWHG WKH GLVSHUVDO DELOLW\
RI WKHVH VSHFLHV WR SRWHQWLDOO\ PRUH IDYRUDEOH
PLFURKDELWDWV
&RQVSHFLILF SUHGDWRUV H[HUWHG LQIOXHQFH RQ WKH
EHKDYLRU SDWWHUQV RI L. nigrinus DQG H. axyridis
EXW QRW RI S. tsugae ,Q WKH VSULQJ WKH DGGLWLRQ RI
L. nigrinus FRQVSHFLILFV LQFUHDVHG VHDUFKLQJ
EHKDYLRUV DQG GHFUHDVHG UHVWLQJ ZKLOH IHHGLQJ
DQG RYLSRVLWLRQ UHPDLQHG VLPLODU 7KLV UHVSRQVH
LV PRVW OLNHO\ UHODWHG WR SUH\ VHOHFWLYLW\ DV IHPDOHV
KDG WR VSHQG PRUH WLPH ORFDWLQJ DFFHSWDEOH
RYLSRVLWLRQ VLWHV 3UHGDWRU HIIHFWLYHQHVV LQ WHUPV
RI HQHUJ\ H[SHQGLWXUH ZRXOG WKHUHIRUH EH
UHGXFHG DV L. nigrinus GHGLFDWHG PRUH WLPH DQG
UHVRXUFHV WR VHDUFKLQJ EHKDYLRUV ZKLFK GR QRW
VHUYH WR GLUHFWO\ LPSDFW DGHOJLG SUH\ ,I EHKDYLRUV
LQ WKLV VSHFLHV ZHUH DOWHUHG LQ UHVSRQVH WR SDVVLYH
FKHPLFDO FXHV DVVRFLDWHG ZLWK FRQVSHFLILF FRQWDFW
RI SUH\ RU EUDQFK VXEVWUDWHV ZH ZRXOG H[SHFW
IHHGLQJ DQG RYLSRVLWLRQ UDWHV WR EH DIIHFWHG DOVR
KRZHYHU WKHVH UHVSRQVHV ZHUH QRW DIIHFWHG 7KH
UHVXOWV DOVR LQGLFDWH WKDW IHPDOHV RI WKLV VSHFLHV
PD\ EH DGDSWHG WR GHWHFW WKH SUHVHQFH RI HJJV RU
RYLSRVLWLRQGHWHUULQJ FKHPLFDO FXHV RI
FRQVSHFLILFV 7KH ZLGHUDQJLQJ HIIHFWV RI
FRQVSHFLILFV RQ H. axyridis EHKDYLRU DUH
FRQVLVWHQW ZLWK SUHYLRXV VWXGLHV RI WKH FKHPLFDO
HFRORJ\ RI WKLV SUHGDWRU ,QWUDVSHFLILF LQWHUDFWLRQV
LQ WKLV VSHFLHV DUH UHJXODWHG E\ ERWK SDVVLYH
VXEVWUDWH PDUNLQJ XVLQJ IHFDO FXHV $JDUZDOD HW
DO  DQG DFWLYHO\ GHSRVLWHG
RYLSRVLWLRQGHWHUULQJ SKHURPRQHV <DVXGD HW DO
 *LYHQ WKH WHPSRUDU\ QDWXUH RI PDQ\ SUH\
SRSXODWLRQV DQG LWV DELOLW\ WR FDQQLEDOL]H 2VDZD
 +LURQRUL DQG .DWVXKLUR  %XUJLR HW DO
  VHOHFWLYH SUHVVXUH ZRXOG IDYRU
DYRLGLQJ RU UHGXFLQJ DFWLYLW\ LQ DUHDV DOUHDG\
RFFXSLHG E\ FRQVSHFLILFV 7KLV ZDV FRQVLVWHQW ZLWK
WKH UHVXOWV REVHUYHG LQ WKHVH WULDOV ZKHUH
H[WHQVLYH VHDUFKLQJ ZDV LQFUHDVHG DQG IHHGLQJ
DQG RYLSRVLWLRQ ZHUH UHGXFHG &RQVSHFLILF HIIHFWV
IRU S. tsugae PD\ KDYH EHHQ PDVNHG E\ WKH
SUHGRPLQDQFH RI UHVWLQJ EHKDYLRU LQ WKHVH WULDOV
DV SUHYLRXV VWXGLHV LQGLFDWHG WKDW WKLV VSHFLHV KDV
WKH DELOLW\ WR FDQQLEDOL]H 0F&OXUH  DQG LWV
EHKDYLRU PD\ WKHUHIRUH EH UHJXODWHG E\ VLPLODU
PHFKDQLVPV ,Q FRQWUDVW SUHGDWRU WHPSRUDO
DFWLYLW\ SDWWHUQV ZHUH QRW VLJQLILFDQWO\ DOWHUHG E\
KHWHURVSHFLILFV LQGLFDWLQJ WKDW WKHVH VSHFLHV PD\
EH FRPSDWLEOH LQ WKLV V\VWHP DQG VXJJHVWLQJ WKDW
WKHVH SUHGDWRUV PD\ QRW EH DGDSWHG WR GHWHFW WKH
FKHPLFDOFXHVRIRQHDQRWKHU
(DFK VSHFLHV GLVSOD\HG GLVWLQFW WHPSRUDO SDWWHUQV
LQ ZKLFK EHKDYLRUV RFFXUUHG PRUH IUHTXHQWO\
GXULQJ GD\ RU QLJKW )RU L. nigrinus JUHDWHU
LQWHQVLYH VHDUFKLQJ DW QLJKW DQG UHVWLQJ GXULQJ
WKH GD\ PD\ LQGLFDWH WKLV VSHFLHV WR EH PRUH
QRFWXUQDO WKDQ WKH RWKHU WZR SUHGDWRUV ,QFUHDVHG
EHKDYLRU DW WKLV WLPH LV SRVVLEOH EHFDXVH RI
DGDSWDWLRQ WR FROG =LODKL%DORJK et al. D
DQG PD\ VHUYH WR GHFUHDVH VXVFHSWLELOLW\ WR
SUHGDWRUV RU UHGXFH FR RFFXUUHQFH ZLWK RWKHU
VSHFLHV 6HDUFKLQJ EHKDYLRU GXULQJ WKLV WLPH DOVR
VXJJHVWV WKDW LW PD\ UHO\ PRUH RQ ROIDFWLRQ WKDQ
YLVLRQ WR ORFDWH DQG HYDOXDWH SUH\ ,Q FRQWUDVW S.
tsugae DQG H. axyridis ZHUH PRUH DFWLYH GXULQJ
WKH GD\ FRQVLVWHQW ZLWK SUHYLRXV REVHUYDWLRQV RI
RWKHU FRFFLQHOOLG SUHGDWRUV 1DNDPXWD 
0DMHUXV  DQG H. axyridis 2EDWD DQG -RKNL
 *UHDWHU VHDUFKLQJ DQG IHHGLQJ DFWLYLW\
GXULQJ WKH GD\ PD\ EH UHODWHG LQ VRPH GHJUHH WR
LQFUHDVHG GD\WLPH WHPSHUDWXUHV EXW PRUH OLNHO\
WKLV PD\ KDYH UHVXOWHG IURP WKHLU XVLQJ YLVXDO
FXHV WR ORFDWH A. tsugae 7R RSWLPL]H ILQGLQJ SUH\
DQG FRQVHUYH HQHUJ\ DQG UHVRXUFHV VHDUFK
DFWLYLW\ LQ WKHVH VSHFLHV PD\ EH UHGXFHG DW QLJKW
GXH WR D ORZHU VXFFHVV RI SUH\ GHWHFWLRQ LQ WRWDO
GDUNQHVV 2YLSRVLWLRQ E\ WKH FRFFLQHOOLGV ZRXOG
OLNHO\ KDYH EHHQ VWDWLVWLFDOO\ KLJKHU GXULQJ WKH GD\
DV ZHOO GXH WR VLPLODU IDFWRUV EXW RYHUDOO ORZ
OHYHOV RI UHSURGXFWLRQ PDNH WKHVH LQIHUHQFHV
GLIILFXOW
5HODWLYH WR DVVD\ VL]H DOO SUHGDWRU SDLULQJV
DSSHDUHG WR PDLQWDLQ D KLJK GHJUHH RI VSDWLDO
VHSDUDWLRQ :KLOH LW LV GLIILFXOW WR DVVHVV WKH
UHVSRQVHV GXH WR WKH OLPLWHG VL]H DQG DUFKLWHFWXUH
RI WKH DVVD\ WKLV VXJJHVWV WKDW DYRLGDQFH
EHKDYLRUV PD\ RFFXU LQ WKHVH VSHFLHV 'LVWDQFHV
ZHUH JUHDWHVW EHWZHHQ FRQVSHFLILFV RI H. axyridis
DQG WKLV PD\ DJDLQ EH LQ UHVSRQVH WR FKHPLFDO
FXHV DV KDV EHHQ GRFXPHQWHG LQ VSDWLDO VWXGLHV RI
VLPLODU SUHGDWRU VSHFLHV *URVWDO DQG 'LFNH 
7KH VKRUWHU VHSDUDWLRQ GLVWDQFHV IRU L. nigrinus
DQG S. tsugae FRQVSHFLILFV E\ FRPSDULVRQ PD\
LQGLFDWH WKHVH VSHFLHV KDYH D OHVV VRSKLVWLFDWHG
FKHPLFDO HFRORJ\ )RU S. tsugae GLVWDQFH
PHDVXUHV ZHUH LQIOXHQFHG E\ WKH SUHGRPLQDQFH RI
UHVWLQJ EHKDYLRU GXULQJ ZKLFK FRQVSHFLILFV ZHUH
IRXQG LQ FORVH SUR[LPLW\ WR RQH DQRWKHU +RZHYHU
VHSDUDWLRQ EHWZHHQ S. tsugae FRQVSHFLILFV GXULQJ
VHDUFKLQJ DQG IHHGLQJ HYHQWV ZDV VLPLODU WR WKDW
RI WKH RWKHU VSHFLHV +HWHURVSHFLILF SDLULQJV DOVR
H[KLELWHG KLJK VSDWLDO VHSDUDWLRQ ZLWKLQ WKH
FRQWH[W RI WKHVH DVVD\V 2YHUDOO LQWHUVSHFLILF
HIIHFWV RQ VSDWLDO SDWWHUQV DSSHDUHG EH LQ
UHVSRQVH WR WDFWLOH GLUHFW FRQWDFW UDWKHU WKDQ
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-RXUQDORI,QVHFW6FLHQFH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VKRZHG WKDW SUHGDWRU GLVWXUEDQFH DQG UHORFDWLRQ
ZDV KLJK LQ UHVSRQVH WR GLUHFW FRQWDFW
SDUWLFXODUO\ E\ WKH VSHFLDOLVWV ZKHQ FRQWDFWHG E\
H. axyridis $YRLGDQFH EHKDYLRUV DQG FKDQJHV LQ
VSDWLDO SDWWHUQV LQ UHVSRQVH WR KHWHURVSHFLILFV
KDYH EHHQ VKRZQ WR RFFXU LQ RWKHU DSKLGRSKDJRXV
SUHGDWRU JXLOGV 0XVVHU DQG 6KHOWRQ  6DWR
HW DO  DQG PD\ UHJXODWH VSDWLDO
UHODWLRQVKLSVLQWKLVV\VWHPDVZHOO
,QIHUHQFHV EDVHG RQ WKHVH REVHUYDWLRQV DUH
OLPLWHG GXH WR WKH H[SHULPHQWDO GHVLJQ DQG
GXUDWLRQ ZKLFK PD\ KDYH H[HUWHG D JUHDW GHDO RI
LQIOXHQFH RQ WKH EHKDYLRU RI WKHVH VSHFLHV 7KH
HYDOXDWLRQ RI H[WHQVLYH VHDUFK EHKDYLRU ZDV
SHUKDSV PRVW OLPLWHG DV SUHGDWRUV ZHUH
SURKLELWHG IURP OHDYLQJ WKH DUHQD KRZHYHU WKH
PRYHPHQW SDWWHUQ H[KLELWHG ZLWKLQ WKH DUHQD ZDV
VXJJHVWLYH RI H[WHQVLYH VHDUFK EHKDYLRU
&RQVDQJXLQLW\ VKRXOG DOVR EH FRQVLGHUHG DV
ODERUDWRU\ SRSXODWLRQV PD\ QRW DFFXUDWHO\
UHSUHVHQW WKH EHKDYLRUDO SDWWHUQV WKDW RFFXU
ZLWKLQ WKH ODUJHU SRSXODWLRQ +RZHYHU L.
nigrinus DQG H. axyridis FRORQLHV ZHUH UHJXODUO\
VXSSOHPHQWHG ZLWK ZLOG EHHWOHV FROOHFWHG LQ WKH
ILHOG )RU S. tsugae DGXOWV ZHUH GHVFHQGHG IURP D
OLPLWHG RULJLQDO FROOHFWLRQ DQG KDYH EHHQ
FRQVHFXWLYHO\ UHDUHG IRU VHYHUDO JHQHUDWLRQV DQG
WKXV PD\ KDYH UHGXFHG EHKDYLRUDO YDULDELOLW\
3UHGDWRUV KDYH DOVR IRXQG WR GLVSOD\ D KLJK GHJUHH
RI SODVWLFLW\ LQ LQGLYLGXDO EHKDYLRUV DQG SUHYLRXV
VWXGLHV LQGLFDWH WKDW VHDUFKLQJ SDWWHUQV FDQ
FKDQJH LQ UHVSRQVH WR SUH\ W\SH DQG WKDW EHKDYLRU
PD\ EH FRQGLWLRQHG LQ VRPH EHHWOH VSHFLHV ZLWK
FRQWLQXRXV H[SRVXUH WR D VLQJOH SUH\ (WWLIRXUL
DQG )HUUDQ  $OVR WKH WHFKQLTXHV QHFHVVDU\
WR VWXG\ SUHGDWRU EHKDYLRU LQ GHWDLO GR QRW DOORZ
IRU WKH LPPLJUDWLRQ DQG HPLJUDWLRQ WKDW PD\
RFFXU RQ D ODUJHU VFDOH LQ UHVSRQVH WR SUH\
DEXQGDQFH RU LQWUDVSHFLILF DQG LQWHUVSHFLILF
SUHGDWRU FXHV 9LGHR UHFRUGLQJV RI SUHGDWRU
EHKDYLRU ZHUH GLIILFXOW WR REWDLQ XVLQJ D VLQJOH
FDPFRUGHU GXH WR WKH DUFKLWHFWXUH RI WKH KHPORFN
FOLSSLQJV ZKLFK RIWHQ VKLHOGHG SUHGDWRU DFWLYLW\
IURP YLHZ ,Q DGGLWLRQ YLGHR TXDOLW\ ZDV OLPLWHG
E\ XVLQJ D VWDQGDUG FDPFRUGHU DQG D PRUH
VRSKLVWLFDWHG GHVLJQ XVLQJ D FDPHUD ZLWK JUHDWHU
VSHFLDOL]DWLRQ PD\ DVVLVW LQ EHWWHU GRFXPHQWLQJ
LQGLYLGXDO EHKDYLRUV LQ WKHVH VSHFLHV +RZHYHU
WKLV H[SHULPHQWDO PRGHO SURYLGHG DQ LQH[SHQVLYH
DQG KLJKO\ IOH[LEOH PHWKRG WR FRQGXFW YLGHR
VWXGLHV RI EHKDYLRU DQG FRXOG EH LPSOHPHQWHG LQ
D YDULHW\ RI ZD\V WR FRQGXFW WKHVH W\SHV RI
DQDO\VHV
,Q FRQFOXVLRQ DGGLWLRQDO H[DPLQDWLRQV RI WKHVH
SUHGDWRUV XQGHU ILHOG FRQGLWLRQV DUH QHFHVVDU\ WR
FRUURERUDWH GHVFULSWLRQV RI SUHGDWRU EHKDYLRU DQG
GDLO\ DFWLYLW\ +RZHYHU DFWLYLW\ SDWWHUQV IRU H.
axyridis GRFXPHQWHG LQ ILHOG VWXGLHV LQ -DSDQ
2EDWD DQG -RKNL  ZHUH YHU\ VLPLODU WR
WKRVH IRXQG IRU WKLV VSHFLHV XVLQJ WKH ODERUDWRU\
WHFKQLTXHV SUHVHQWHG KHUH 7KHVH EHKDYLRUDO
DQDO\VHV VXSSRUW RXU SUHYLRXV VWXGLHV WKDW
LQGLFDWH WKHVH VSHFLHV WR EH FRPSDWLEOH ZLWKLQ D
ELRORJLFDO FRQWURO SURJUDP IRU $ WVXJDH
7HPSRUDO DFWLYLW\ SDWWHUQV ZHUH QRW KLJKO\
FRRUGLQDWHG DQG SUHGDWRU DYRLGDQFH UHVSRQVHV
DSSHDU WR EH VXFK WKDW WKHVH VSHFLHV ZLOO EH DEOH WR
PDLQWDLQ D KLJK GHJUHH RI VSDWLDO VHSDUDWLRQ
XQGHU PRUH QDWXUDO FRQGLWLRQV 7KHUHIRUH ZH
UHFRPPHQG XVLQJ PXOWLSOHSUHGDWRU
FRPELQDWLRQV RI WKH VSHFLDOLVW SUHGDWRUV RYHU
VLQJOHVSHFLHV ZKHQ LPSOHPHQWLQJ ELRORJLFDO
FRQWURO IRU $ WVXJDH ,Q DGGLWLRQ LPSOHPHQWLQJ
ORZGHQVLW\ SUHGDWRU UHOHDVHV PD\ UHGXFH WKH
SRWHQWLDO QHJDWLYH HIIHFWV DVVRFLDWHG ZLWK
LQWUDVSHFLILF LQWHUIHUHQFH DQG OHDG WR LPSURYHG
SUHGDWRUHIIHFWLYHQHVVXQGHUILHOGFRQGLWLRQV
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